Protozoan parasites of the genus Leishmania are transmitted by sand flies and cause a spectrum of diseases affecting the skin, mucous membranes, and viscera. The dimorphic parasites exist as extracellular flagellated promastigotes in the insect vector and as obligatory intracellular amastigotes in the mammalian host. Macrophages carry the major parasite load and are the most important effector cells for the destruction of intracellular Leishmania parasites via production of nitric oxide (36, 41) . In addition to macrophages, epidermal Langerhans cells, which are members of the dendritic cell family, have the ability to take up Leishmania major and Leishmania mexicana, causes of human cutaneous leishmaniasis (5, 23).
Protozoan parasites of the genus Leishmania are transmitted by sand flies and cause a spectrum of diseases affecting the skin, mucous membranes, and viscera. The dimorphic parasites exist as extracellular flagellated promastigotes in the insect vector and as obligatory intracellular amastigotes in the mammalian host. Macrophages carry the major parasite load and are the most important effector cells for the destruction of intracellular Leishmania parasites via production of nitric oxide (36, 41) . In addition to macrophages, epidermal Langerhans cells, which are members of the dendritic cell family, have the ability to take up Leishmania major and Leishmania mexicana, causes of human cutaneous leishmaniasis (5, 23) .
Langerhans cells are usually infected with low numbers of Leishmania amastigotes (1 to 2 organisms per host cell) and restrict parasite replication in a nitric oxide-independent manner (4), avoiding complete elimination of the intracellular parasites. Thus, the aim of parasite uptake by Langerhans cells is not avid scavenging and killing of the pathogen but antigen processing and presentation. Langerhans cells are 100 to 1,000 times more effective than macrophages in stimulating a L. major-specific T-cell response (42) . Most notably, Langerhans cells are critical for the initiation of the specific immune response to L. major because, unlike macrophages, they constitutively express high levels of major histocompatibility complex (MHC) class II products and have the ability to sensitize resting T cells (10) . The stimulation of a primary T-cell response occurs after the transport of ingested parasites from the infected skin to the draining lymph node during the very early stage of L. major infection (25) .
During the migration from the skin to the T-cell areas of the lymph nodes, Langerhans cells develop into lymphoid dendritic cells and undergo substantial changes. They lose the capacity to phagocytose L. major parasites (22) and to process native antigens but retain the ability to present peptides (28, 38) . This is accompanied by the loss of acidic endosomal organelles and specific Langerhans cell granules, the so-called Birbeck granules (37) . At the same time, there is an increase in the surface expression of MHC class II molecules from an already high level (32, 33) , whereas the de novo biosynthesis of MHC class II molecules and invariant chains (Ii) is downregulated (2, 11, 27) . The differences observed after the translocation of Langerhans cells in vivo correlate with the changes during a short period of in vitro culture in the presence of granulocyte-macrophage colony-stimulating factor (20, 32, 43) . To characterize the mechanisms underlying the extraordinary efficiency of Langerhans cells in presenting L. major antigen to T cells, we analyzed the synthesis, turnover, conformation, and localization of MHC class II molecules in Langerhans cells.
MATERIALS AND METHODS
Parasites and preparation of antigen. The origin and propagation of the L. major isolate (MHOM/IL/81/FE/BNI) have been described elsewhere (34) . The cloned virulent line used for this study was maintained by passage in BALB/c mice. Promastigotes were grown in vitro in blood agar cultures. Stationary-phase promastigotes were washed in phosphate-buffered saline (PBS), and, for intradermal infection of mice, 20 ϫ 10 6 organisms were injected in a volume of 50 l at the base of the tail. Amastigote suspensions were prepared from lesions 2 to 3 weeks later as described previously (6) . Briefly, infected tissue was disrupted and homogenized by passage through a stainless-steel mesh into culture medium. Cell debris was removed by two steps of centrifugation at 120 ϫ g (10 min) before recovery of amastigotes by centrifugation at 1,800 ϫ g (10 min) and collection of the pellet. For the preparation of L. major lysate, stationary-phase promastigotes were subjected to three cycles of rapid freezing and thawing. L. major lysate was fractionated by twofold centrifugation at 9,000 ϫ g (20 min) to generate the particulate fraction (pellet) and the soluble fraction (supernatant).
Preparation of host cell suspensions and treatment with L. major. Epidermal Langerhans cells and peritoneal macrophages were obtained from female mice of the inbred strain BALB/c (Charles River Breeding Laboratories, Sulzfeld, Germany) that were 5 to 8 weeks of age at the onset of experiments. Single-cell suspensions of epidermal cells were prepared from mouse ear skin by trypsinization procedures as described previously (31) . A concentration of 1% trypsin (90 min) was used for processing the central, thick ear halves, and 0.6% trypsin (45 min) was used for the dorsal thin ear halves. These preparations contained Langerhans cells that constitutively express MHC class II as well as MHC class II-negative keratinocytes, a source of granulocyte-macrophage colony-stimulating factor that is essential for Langerhans cell differentiation, and were absolutely devoid of macrophages. We have previously shown that only Langerhans cells, not keratinocytes, in the epidermal cell population are able to take up L. major (5) . For the preparation of macrophages, thioglycolate-elicited peritoneal exudate cells were washed, resuspended in culture medium (Click RPMI 1640 medium supplemented with 10% heat-inactivated fetal calf serum, 2 mM Lglutamine, 10 mM HEPES [N-2-hydroxyethylpiperazine-NЈ-2-ethanesulfonic acid] buffer, 60 g of penicillin per ml, 20 g of gentamicin per ml, 17 mM NaHCO 3 , and 0.05 mM 2-mercaptoethanol), and allowed to adhere for 4 h at 37°C in 5% CO 2 and 95% air humidity. Nonadherent cells were removed by extensive washing with warm PBS. MHC expression by macrophages was induced by treatment with gamma interferon (IFN-␥; 50 U/ml) and tumor necrosis factor alpha (TNF-␣; 50 U/ml). Epidermal cells (5 ϫ 10 6 /ml) or macrophages (1 ϫ 10 6 /ml) were incubated with L. major amastigotes or parasite lysate at a ratio of 5 parasites per cell for 8 or 24 h. Myoglobin (5 M) was used as a control antigen. Amastigotes were used for infection because organisms of this developmental stage are more virulent and infect a much higher proportion of Langerhans cells in vitro. In vivo, Langerhans cells may take up amastigotes that had been released from infected macrophages. However, they may also be parasitized by promastigotes inoculated into the skin by the insect vector, because it is known that sand fly saliva greatly enhances the infectivity of promastigotes (reference 5 and references therein).
Metabolic radiolabeling and immunoprecipitation. Epidermal cells containing 20 to 25% Langerhans cells or macrophages (2 ϫ 10 6 to 5 ϫ 10 6 ) were washed at 37°C with PBS supplemented with 0.7 mM CaCl 2 and 0.9 mM MgCl 2 and with methionine-deficient RPMI 1640 medium containing 1% glutamine. Determination of cell viability ensured that identical cell numbers were used for immunoprecipitation of all samples. Thereafter, the cells were pelleted, resuspended in methionine-deficient RPMI 1640 medium containing 1% glutamine and 1% HEPES buffer, and incubated for 30 min at 37°C. After 400 Ci of [
35 S]methionine (in vivo cell labeling grade; Amersham Buchler, Braunschweig, Germany) per ml was added, the cells were incubated for a further 15 min at 37°C. For pulse-chase experiments, the cell suspension was diluted in a 12-fold excess of cold culture medium containing 10% fetal calf serum and incubation was continued for various periods of time, as indicated in Fig. 2 . Labeled cells were pelleted and stored at Ϫ20°C or directly resuspended in lysis buffer and lysed by the addition of 1% Nonidet P-40. The lysis buffer contained EDTA (20 mM), fetal calf serum (10%) that had been precleared with protein A (Pharmacia, Freiburg, Germany), and the protease inhibitors (all from Sigma Chemical Co., St. Louis, Mo.) aprotinin (0.3%), phenylmethylsulfonyl fluoride (1 mM), N␣-ptosyl-L-lysine chloromethyl ketone (TLCK; 2 mM), trans-epoxysuccinyl-L-leucylamido(4-guanidino)butane (E-64; 40 g/ml), and antipain (100 g/ml) in 50 mM Tris buffer and 150 mM NaCl (pH 7.5). Cell debris was removed by centrifugation. The supernatant was precleared with CL4B-Sepharose (Pharmacia) for 1 h and with normal rat immunoglobulin G (IgG) and mouse anti-rat IgG (kappa chain) MAR 18.5 (18) Gel electrophoresis, autoradiography, and densitometric analysis. Immunoprecipitates were diluted in reducing sodium dodecyl sulfate (SDS) sample buffer (14) and incubated for 1 h at room temperature or boiled for 5 min and subsequently separated by electrophoresis on a 12.5% SDS-polyacrylamide gel. The gel was treated with EnHANCE (Dupont-NEN, Bad Homburg, Germany), dried, and autoradiographed with the film BIOMAX MR (Kodak). For densitometric analysis of the films, a video documentation system (Phase, Lübeck, Germany) and the software program NIH image 1.59 (supplied by the National Institutes of Health, Bethesda, Md.) were used.
Immunodetection at the light-microscope level. Eight or 24 h after infection, intact Langerhans cells were allowed to adhere to glass coverslips coated with poly-L-lysine (10 g/ml in PBS) by regular centrifugation (1,500 rpm), not by cytospin centrifugation. Thereafter, the cells were fixed for 1 h at room temperature with 4% paraformaldehyde in 0.1 M sodium cacodylate-HCl buffer (pH 7.4), quenched with 50 mM NH 4 Cl in PBS, and permeabilized for 30 min with 0.1 mg of saponin (Sigma) per ml in PBS containing 1% bovine serum albumin. The cells were then sequentially incubated for 1 h at room temperature with anti-MHC class II MAb M5/114 or 14-4-4S (mouse IgG2a anti-I-E␣ d ) (26) and with fluorescein isothiocyanate conjugate. The reagents were diluted in PBS containing 1% bovine serum albumin and 0.1 mg of saponin per ml. Each incubation was followed by three washes with PBS containing 0.1 mg of saponin per ml. Finally, the nuclei of host cells and parasites were stained by a 5-min incubation in propidium iodide (5 g/ml in PBS). Cell preparations were washed and mounted in Mowiol (Calbiochem, San Diego, Calif.). Confocal microscopy of epidermal cells labeled with two fluorophores was performed with a confocal laser microscope (Leica, Heidelberg, Germany) which uses an argon-krypton laser operating in multiline mode. The images were scanned with a 63ϫ NA1.3 objective mounted on a Diaplan microscope (Leica). Cell preparations labeled with both fluorescein and propidium iodide were sequentially analyzed at 488-and 567-nm wavelengths with filters that transmit light very selectively and optimally. Emission filters centered at 535 and 610 nm were used for fluorescein and propidium iodide, respectively. Quantitative analysis of MHC class II expression was performed on fixed and permeabilized cell preparations double-stained either with M5/114 or 14-4-4S MAb and a fluorescein conjugate in addition to propidium iodide. Optical sections were made by scanning the cell or phagosome from top to bottom under standardized instrument settings (confocal aperture, black level, gain position locked, slow scan rate, zoom at 1ϫ magnification, and filtering with four scans). These settings were not changed during the entire data collection process, which ensured that reliable intensity measurements could be made. Care was taken to ensure that standard instrument conditions resulted in unsaturated images; i.e., maximum pixel values never exceeded 255. For each selected cell and selected phagosome, 8 to 12 and 3 to 4 optical sections, respectively, taken at intervals of 0.5 m were recorded. For analysis of the fluorescence intensity of MHC class II molecules in the phagosome membrane, the fluorescence ring surrounding the vacuole was traced with the cursor and optical sections were analyzed. The pixel intensity values (0 to 254), number of pixels sampled, and the sum of all pixel values sampled were recorded for determination of the average fluorescence intensities of uninfected or infected cells and phagosomes.
RESULTS

Downregulation of MHC class II biosynthesis during shortterm in vitro culture of Langerhans cells. The differentiation of Langerhans cells during in vitro culture mirrors the events in
vivo when the cells transport antigen from the skin to the draining lymph nodes. The rate of MHC class II biosynthesis is remarkably high in freshly isolated Langerhans cells (reflecting the intracutaneous state of differentiation), whereas it is largely shut down in Langerhans cells cultured for 1 to 3 days (corresponding with the state of lymphoid dendritic cells) (2, 11, 27) . We determined the kinetics of this downregulation within the first 24 h to find out whether newly synthesized MHC class II molecules are available during the time required for phagocytosis and processing of L. major by Langerhans cells. After 2, 4, 8, or 18 h of in vitro culture, epidermal cells were labeled with [ 35 S]methionine; immunoprecipitation of the lysates with anti-MHC class II antibodies and analysis by gel electrophoresis and autoradiography followed. The results show high levels of MHC class II biosynthesis after 2 and 4 h and a pronounced decrease after 8 h of culture. By 18 h, there was an almost complete disappearance of the signals (Fig. 1) .
Langerhans cells express compact (C)-type MHC class II dimers that are long-lived. The high level of MHC class II synthesis in freshly isolated Langerhans cells correlates with the previously documented efficacy in L. major antigen presentation (42) . In addition, the formation of compact MHC class II dimers (C state) may be critical for the stimulation of antigen-specific T cells by Langerhans cells. After stable binding of peptide, MHC class II ␣␤ dimers in spleen cells have been shown to undergo a conformational change and enter a compact state that resists dissociation in 1 to 2% SDS at room temperature (8) . The formation of C-type dimers is a chloroquine-sensitive process that involves only newly synthesized class II proteins and can be used as a maturation marker for these molecules (8) . To analyze the generation of stable dimers in Langerhans cells, the cells were pulse-labeled with [ 35 S]methionine and MHC class II proteins were immunoprecipitated from lysates prepared immediately after labeling or after various chase periods (1 to 72 h). The results in Fig. 2A show that significant amounts of SDS-resistant C dimers (␣ ϩ ␤) migrating with a relative molecular weight of 52,000 to 56,000 become visible after only 1 h of chase. The levels of newly synthesized MHC class II proteins acquiring the C state increase further after 2 and 4 h of chase. On the other hand, there is a continuous decrease in the amounts of unstable ␣␤ dimers that dissociate in SDS at room temperature and correspond to molecules lacking tightly associated peptide. Most notable was the finding that the C dimers in Langerhans cells are extraordinarily long-lived. The stable ␣␤ complexes are present at maximal levels until 18 h, and low but significant amounts can be detected for at least 72 h (Fig. 2B) . Interestingly, there was only a small decline between 48 and 72 h, suggesting that the level of C dimers in Langerhans cells reaches a steady state. This is in contrast to macrophages, where stable dimers begin to decrease after 4 h and disappear after 18 h of chase (Fig.  2C) . The macrophages were stimulated with thioglycolate plus IFN-␥ and TNF-␣ to provide suitable conditions for comparison of these cells with Langerhans cells, which constitutively possess highly efficient antigen presentation functions.
The downregulation of MHC class II biosynthesis in Langerhans cells is reduced after infection with L. major. Langerhans cells are characterized by the longevity of stable MHC class II-peptide complexes and the downregulation of MHC class II biosynthesis during differentiation. We examined the effect of L. major on these features. For this purpose, Langerhans cells were incubated in the presence of parasites for 8 h; this was followed by pulse-labeling and immunoprecipitation with anti-MHC class II antibodies. At this time of Langerhans cell culture, there is usually a sharp decline in the de novo synthesis of MHC class II products (Fig. 1) . Surprisingly, the addition of L. major leads to a pronounced increase in the amount of immunoprecipitable MHC class II molecules (␣ and ␤ chains). Treatment with a control antigen (myoglobin) at a concentration that induces a strong T-cell response (28, 42) has no effect on MHC class II expression (Fig. 3A) . Thus, L. major reduces the downregulation of MHC class II biosynthesis in Langerhans cells. This modulation of MHC class II production can also be observed after treatment with L. major lysate or its particulate fraction but not with the soluble fraction (Fig. 3B) .
FIG. 1. Kinetics of the de novo synthesis of MHC class II molecules in epidermal Langerhans cells. After various periods of in vitro culture, Langerhans cells were labeled with [
35 S]methionine for 15 min. Subsequently, MHC class II products (␣ and ␤ chains) were immunoprecipitated from lysates with MAb M5/114, and the samples were boiled and analyzed by SDS gel electrophoresis under reducing conditions followed by autoradiography (A). The two alternative splice products of the MHC class II-associated invariant chain Ii (p31 and p41) are coprecipitated. For densitometric analysis (B) of MHC class II molecules, the intensities of the bands representing the ␣ or ␤ chain were determined. The values (␣ and ␤) were added for each time point, and the background labeling was subtracted.
FIG. 2. Determination of the lifetime of SDS-resistant C-type ␣␤ heterodimers derived from Langerhans cells (A and B) or macrophages (C). Freshly isolated Langerhans cells or stimulated macrophages were pulsed with [
35 S]methionine for 15 min. After the various chase periods, cell lysates were immunoprecipitated with anti-MHC class II MAb M5/114 and analyzed by SDS-polyacrylamide gel electrophoresis and autoradiography. For analysis of the compact dimers [C(␣ϩ␤)], samples were incubated at room temperature. As a control, a precipitate of one time point (4 h) was boiled to show the dissociation of dimers to single ␣ and ␤ chains. It is important to note that there is an unrelated protein migrating just above the ␣␤ dimers (best visible at 0 h when dimers are not labeled [B and C]). Only the lower bands represent the compact dimers.
In L. major-treated macrophages, however, the synthesis of MHC class II proteins did not increase (Fig. 3C) .
The amount and longevity of compact ␣␤ dimers were not altered after infection of Langerhans cells with L. major (data not shown). This corroborates previous reports that most binding sites of MHC molecules from normal cells are occupied by endogenous peptides (29) .
The levels of MHC class II molecules associated with PV decrease with Langerhans cell differentiation. Previous analysis of the subcellular distribution of MHC class II molecules in macrophages infected with Leishmania amazonensis or Leishmania donovani revealed that MHC class II products are localized in the endocytic compartments containing amastigotes, organelles known as the parasitophorous vacuoles (PV) (1, 15, 16) . It was therefore of interest to determine whether MHC class II molecules are also associated with the PV of L. majorinfected Langerhans cells. In addition, we analyzed whether the subcellular distribution of class II molecules changes during Langerhans cell differentiation.
Fluorescence labeling with anti-MHC class II antibody M5/ 114 or 14-4-4S and subsequent analysis by confocal microscopy showed that uninfected and L. major-infected Langerhans cells express similar levels of MHC class II molecules, as evidenced by the mean fluorescence intensities. Moreover, the values obtained at 8 and 24 h of infection were not significantly different ( Fig. 4A and B) . Double labeling of infected cells by treatment with antibodies and propidium iodide, to identify the nuclei of host cells and parasites, demonstrated that the MHC class II molecules are localized not only in the cell surface but also in the PV membrane, indicating that they are available for interaction with parasite components (Fig. 5 ). Of particular interest was the finding that the MHC class II levels associated with the PV decreased in the course of Langerhans cell culture. When the fluorescence intensities in the PV were compared, MHC class II expression was significantly more pronounced in the PV of Langerhans cells that had been incubated with L. major for 8 h than in those incubated for 24 h (Fig. 4C and D and 5 ). This finding extends the results obtained with the pulse-labeling experiments and shows that the downregulation of MHC class II biosynthesis during Langerhans cell differentiation leads to decreasing MHC class II levels in the PV, whereas the cell surface expression of MHC class II products is not affected.
DISCUSSION
Macrophages and Langerhans cells are important accessory cells regulating the T-cell response to L. major and, consequently, the host's ability to control parasite replication and resolve the lesions. There is increasing evidence that the two types of cells display highly specialized functional activities in cutaneous leishmaniasis. Macrophages are professional phagocytes required for the clearance of parasites via formation of nitric oxide. However, they are inefficient in presenting antigen to resting T cells for induction of the primary immune response to L. major (25) . Langerhans cells, on the other hand, are unable to produce nitric oxide (4) but are extremely potent antigen-presenting cells (25, 35, 42) . The present study defines Given previous reports that the biosynthesis of MHC class II molecules is downregulated during 1 to 3 days of in vitro culture and differentiation of Langerhans cells (2, 11, 27) , it was an important finding that this decline does not become apparent before a culture period of 8 h (Fig. 1) and that its extent is reduced in the presence of L. major antigen (Fig. 3) . Since the maximal degree of L. major phagocytosis by Langerhans cells is reached after 4 h (our unpublished observation), significant levels of newly synthesized MHC class II molecules are thus available for the binding of parasite antigen. We have previously shown that Langerhans cells lose the ability to phagocytose L. major (22) and to process and present L. major lysate to T cells (42) during differentiation in culture. The kinetics of these functional changes are almost identical to those of the downregulation of MHC class II biosynthesis described in the present study. Thus, the present data provide an explanation for our previous findings and emphasize the importance of newly synthesized MHC class II molecules for the presentation of L. major antigen by Langerhans cells. In this respect, they resemble macrophages (17) . However, the shutdown of phagocytic activity and MHC class II synthesis is a unique feature of Langerhans cells and has important functional consequences. The cessation of antigen uptake is likely to prevent the displacement of antigenic peptides already bound to MHC class II molecules. In the absence of any new synthesis of MHC class II products, the turnover of these MHC-peptide complexes is slow, resulting in a long half-life.
The extraordinary stability in Langerhans cells of MHC class II molecules associated with peptides was demonstrated by analysis of the formation and turnover of SDS-resistant C dimers. Stable ␣␤ complexes can be detected for at least 3 days in vitro (Fig. 2) . This may provide the basis for long-term antigen presentation that requires only very small numbers of MHC class II-peptide complexes (7, 9) . Because the differentiation of Langerhans cells observed in vitro is considered to reflect the changes in vivo during migration of Langerhans cells from the skin to the draining lymph nodes (20) , the stable expression of immunogenic MHC-peptide complexes corresponds with the physiological role of Langerhans cells, which need to retain the antigen carried to the lymph nodes for presentation to T cells. Indeed, we have previously shown that Langerhans cells transport L. major from the infected skin to the draining lymph node, where they stimulate naive T cells with specificity for L. major (25) . This migration occurs within 1 to 2 days after infection and is not found with macrophages. The present study indicates that the prolonged retention of L. major antigen by Langerhans cells is probably based on the stability of their MHC class II-peptide complexes (C dimers).
There is experimental support for the conclusion that migratory Langerhans cells differentiating into lymphoid dendritic cells may be a source of immunogenic antigen for remarkably long periods. In clinically cured, L. major-infected mice of resistant strains, small numbers of parasites persist for many months in dendritic cells and macrophages of lymph nodes draining the former skin lesion. However, only dendritic cells, not macrophages, can present endogenous parasite antigen to L. major-specific T cells (24) . The findings that cultured Langerhans cells, the equivalents in vitro of lymphoid dendritic cells, have lost the ability to phagocytose L. major and to synthesize MHC class II raise the possibility that the presented antigen is derived from parasites taken up at the site of the original skin infection.
Examination of MHC class II biosynthesis after exposure to L. major showed that the extent of the downregulation associated with Langerhans cell culture was reduced (Fig. 3) . Surprisingly, such a modulation of MHC class II production was not observed with myoglobin. These results may be explained by different modes of antigen uptake. L. major parasites and presumably also the L. major lysate preparation, obtained by freezing and thawing the organisms, are ingested by phagocytosis (5), whereas myoglobin is likely to be taken up by pinocytosis (21) . An analogous phenomenon was observed after uptake of protein antigen in a microparticle-adsorbed form rather than a soluble form (30) . In this system, phagocytosis of particle-adsorbed protein by progenitor dendritic cells induced the upregulation of MHC class II transcription. Moreover, an augmented antigen presentation capacity was observed when the antigen was given in a particle-adsorbed instead of a soluble form. The notion that phagocytosis stimulates MHC class II biosynthesis is supported by our observation that the soluble fraction of L. major lysate did not reduce the downregulation of class II synthesis (Fig. 3) . This finding also excludes an influence of nonspecific activation of Langerhans cells by Leishmania parasites.
In addition to the presentation of MHC class II-associated antigen, the delivery of costimulatory signals is critical for the activation of T cells. It has been shown that the threshold of T-cell triggering can be decreased by costimulation (40) . Dendritic cells express high levels of costimulatory molecules (19) , and it remains to be determined whether infection with Leishmania parasites modulates the elaboration of these signals.
Efficient antigen presentation depends on optimal loading of MHC class II products with antigenic peptides. As discussed above, our results suggest that newly synthesized class II molecules are required for L. major antigen presentation by Langerhans cells. Furthermore, we showed that class II molecules are localized in phagosomal compartments containing parasites (Fig. 5) . PV-associated MHC class II expression was most pronounced during the time of maximal de novo synthesis and dropped significantly with the downregulation of class II biosynthesis (Fig. 4) . The overall expression of MHC class II was not altered, corresponding to earlier reports that the surface expression of class II increases during differentiation of Langerhans cells (2, 32, 33) . The finding that the time course of PV-associated MHC class II expression reflects that of MHC biosynthesis raises the possibility that the antigen loading of newly generated class II molecules occurs in this compartment of Langerhans cells. This conclusion is supported by our finding that PV-associated class II molecules could be labeled not only with MAb M5/114, which recognizes all types of molecules, but also with MAb 14-4-4S (Fig. 4 ) and Y3P (data not shown), which have been described as being more reactive with the compact dimers of MHC class II carrying tightly associated peptides (8) , showing that PV-associated MHC class II molecules in Langerhans cells have the potential to bind antigenic peptides. It has been demonstrated for macrophages that antigens derived from within the phagolysosome are accessible to the class II processing pathway (12) . However, there may be a redistribution to other subcellular compartments, and it remains to be determined whether the PV containing L. major in Langerhans cells is equivalent to or continuous with the MHC class II peptide-loading compartment (MIIC) (13, 39) .
In summary, this study provides the first information on the mechanisms underlying MHC class II-dependent presentation of parasite antigens by Langerhans cells. The results show that MHC class II-peptide complexes in Langerhans cells are remarkably long-lived and that phagocytosis of L. major modulates MHC class II biosynthesis by reducing its downregulation during Langerhans cell differentiation. In addition, MHC class II molecules were found to be associated with the PV membrane of Langerhans cells, their expression being most pronounced during the time of maximal de novo synthesis. Our findings support the concept that Langerhans cells are highly specialized for the prolonged retention and efficient presentation of parasite antigen in cutaneous leishmaniasis.
